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1. Ihtroducticm 

II M ■ ■ mn| i IIIW^ m i PII— 

Mian solid alactrolytas ara daflnad as erystallina solids 
with high i^ic conductivity* virtually no polyaar aatarials ara 
ccmtainad in that catagory. Mian i<»is ara <xmsidarad* in tha 
broad s«isa* to be solid aatarial which transport alectric 
chargas* polyror aatarials would be incli:^ad in that cata^ry* 
and interesting a]^licati<m8 which skillfully bring out the 
inherent properties have been seen, '^.is paper adopts the oroad 
definiticm fr» such a perspective. It introduces the current 
state of application* discusses which properties have been used, 
and considers future prospects. 

2. Current Applications 

2.1 implication to sensors 

The i<Mi concentration sensor is an exaaple of application to 
sensors. The structure is as illustrated in Figure 1. In this 
structure* one side (inside) of a solid electrolytic aeabrane is 
exposed to a known solution whose ionic concentration is to be 
aeasured, and electrodes are inersed in that solution. This 
sensor and an electrode (not illustrated in Figure 1. The saae 
type of electrode as a conventional internal electrode is used. ) 
are iuersed in the aeasureaent structure* and the ionic 
concentration Cj^ to be aeasured is deterained by 
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upon MMsuroMnte of th« olootroaoti^ fmreo I which i« ^»ornt«d 
bottmn two olootrodoa. In tho flfuro* is tho stni^rd 
potontinl (V)* R io th« 9 ns oonstnnt* Ij^ and 2^ ara tho ionic 
valuaa of tha naasurad Icm and tha intarfarlng i<»i» F is tha 
Faraday constant, and k is tha constant basad on tha t^a of 
nastorana tarmid tha salactivity coafficiant, Tha solid 
alactrolyta parnits passaga only of spacific i^s, ai^ 
alactronotiva forca which is dapai^mt wi tha aquiliteivai ionic 
o<wieantrati(wi and tha K>vabla ions is ganaratad. Tabla I 
illuatratas tha ralati<m batwaan tha tj^s of datactor i<ms and 
tha alactrolyta n«ibrana usad as wall as tha intar faring i«is 
usad. Thasa organic natarials ara usad when writtan as liquid 
i^ axchanga nMd>ranas. Itatarial insolubla in watar with a 
■ovabla axchanga subatrata which can raplaca tha datactor i<mm is 
iapragnatad in a nat and usad. In addition, tha iiq>ragnaticm of 
varinonycin, a nacrocyclic antibiotic, in glass sintarad 
■anbranaa has baan raportad to raault in salactivity which is 
approxiaataly 750 tinas graatar whila tha salactivity of K*** to 
Na'*‘ ia approxiaataly 20 in potasaiua glass Cl* 2 ]. 

In this way, organic alactrolytas Uava tha saaa action as 
inorganic salt alactrolytas through achiavaaant of an asch^'n'ia 
aquilibriuB with spacific ions, and since inorganic substancas 
cannot produce insolubla alactrolytas, organic substancas ara 
capable of aaasuraaant of tha ionic concentrations of H 03 ’', BF 4 -* 
CIO^- and Ca^*^, which had baan previously iapossibla to aaasura. 
Another feature is the high selectivity to K’*’ ion concentration. 

2.2 Application to Batteries 

Two types of batteries are introduced here. The initial 
example uses lithium as the cathode while a char ga>tr ana far 
cMplax of organic material and iodine is used in the anode. 
Non-ionic poly-2-vinyl pyridine C33 and ionic n-butyl iodide 
pyridium t4] are usad as tha organic material. Both complaxas 
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ar« iui«d in aolutimi, Inat tlw fcnrMr is n poI^Mr t^di is 
ss is to rsiso tbs viscosity while tte letter is vmmA in »^i4 
fom following edsorption ^ sili^ gel* Both cells ere f^»ed 
by direct ccmtect betiwen the Miode ester iel end lithiw dnring 
]^odttcti«&( end th» structure is silkier then thet of cmIIs 
solttti^ electrolyte, end thin cells ere prodi^^ with greeter 
esse. In edditiem, the outj^t sMrgy density can be reis^ in 
c(Mqparis<»i to other cells, es illustreted in l^ble 2, since lerge 
aeounts of high energy active eaterial ciua be packed in tlM 
volune occupied by the separator. *Rie electrolyte is fomed 
chnically throu^ CHwatact or elect rochttiically through 
subsequent discharge, the fora in which organic aaterial 
participates is not ^t clear, but the internal resistance is far 
lower than when the electrolyte is only l*il. 

Figure 1. Structure of i<m c^centrati^ sensor used in 
solution ion exchange aeabrane 
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1 ion exchange pool 

2 porous aoriarane 

3 ion e xet an g e solution layer 

4 Ag/Agd oesparative electrode 

5 internal soliAion 

Since solid electrolyte peraits passage only of specific 
ions, when used in batteries, only the reaction required by the 
battery can be carried out, and a battery with low self discharge 
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ccMild b« j^odia^d. low val^m toolow S% e«i bo oei^owid 

for 10 yoars in battosioa of 2.5 m tbiolasMS# «id Xmi 
valiMO bolow 15% can ba a^avad in battariaa 1.0 mm 
thiclmaaa. 

fba load curr«it baa bara wurkadly radooad with tlM ^vaot 
of tha c-MOS circuit, and liquid cr^tal display, and f^turas 
such as highar anargy d«isity aiul lowar salf dischar^ hawa ba^ 
raalisad. Thasa hava baan used as tha pommt sourca in haart 
paceaakars, RMf back>u|», alactrcwiic watches, ai^ dask-top 
calculators etc. 
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Table 1. Principal properties of ion selective membrane 
electrodes 
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7 

8 iiipgagBUtart csyitallina wnAnrana 

9 (foniiiig oc^^ax) 

10 An AgjS aarioratia ia to raa d on tlia aiar&oa of nd a valm of do«fcto 

ilia oonaentn^ion of X dabandnad fxoai tha Barnat formila ia u a iw a d 

II atxong radoction aganfc 

12 intarfannca ataoaa d’l.OT^ 

13 ^dadinea ifan an Am aariDrana ia fo raad on tha aurfaoa 

14 blandad czyatallina Bafacana 

15 divalent cation 

16 aalt with adiixLli^ graater than that of Ag^S Ac^ 

17 liquid ion eadia nga wmbtacm aovabiU aachaaige geoup 

18 oa^gen, glutaaine, uparagin, Mino add 

19 oaq/gen (fiaad in aatrix oovaring glaaa aiactrode) 

20 urease (acrylaaide) 

2.3 Application to Bleaent a Applying Electrical Double Layer 
Capacity 

Electrodes of carbon or chalcogen coapounda of the follCHfing 
aetala are foraed on both surfaces of Ag*** or Cu'*' ion conducting 
solid electrolytes, and conducting ions aove in electrolyte when 
direct current voltage is applied under decoaposition voltage of 
electrodes or electrolyte, resulting in precipitation on the 
cathode. Anions becc»e excessive near the anode, and a positive 
charge equivalent to the excess charge accuaulates at the anode, 
forning an electrical double layer. 


The equivalent series resistance becoaes negligible when 
electrolyte with high ion conductivity and a low electron 
transport rate is used, stabili action to rooa t^perature is 
conducted by ion exchange of an a~Cul type structure with high 
ion conductivity in Ag*^ or Cu'*’ ion conducting electrolyte to 
produce such an electrolyte. Many such organic coapounds have 
been exaained, as illustrated in Tables 3, 4 and Figure 4. 
However, an organic coapound with ion conductivity and theraal 
stability superior to those of inorganic solid electrolytes has 
not been obtained at present [5>24]. The capacity density of the 
electrical double layer produced as a result is very great since 
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solid slsctrolytss srs compos sd cmly of loos. For sxuMplOf 
activs carbon slsctrodss arm tissd in Cu'*' ion c^iducting 
slsctrolytss, valuss of approminatsly 30 F/f psr \mit capacity of 
alactroda ara achiavad# whila tha rastilt i^n Cu^S alactrodas ara 
uaad is ai^roxiaataly 300 F/ 9 . TiM oxy^n a^orbad activa 
carbon alactrodas contributas slightly in sida raacticms, but tha 
Faraday raacticxi tands not to occur althoi;^ tha potantial rmga 
is narrow in CU 2 S alactrodas, and suparior potantial ratanticm is 
akhibitad. Rasistanca of tha dissoluti^ raaction and 
pracipitation of tha opposing alactroda posa problas in tha casa 
of producing potantial racording alamants or capacitors applying 
tha alactrical doubla layer capacit_’, while electrode material 
which would minimise this his been examined in capacitors, but 
separate electrodes (standard poles) which are not conducting 
have been used in potential recording elements C25,26j. 

Table 2. 0:>mpari8on of performance of various types of coin 
cells (diameter 23 mmfS, thickness 2.5 am) 
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I type of battery 

3 solid elactrolyta 
5 energy density 
7 c^inmi load current 
9 ease of making thinner 

II pdluticn 
13 years 


2 organic electrolyte lithiuD 
4 open circuit voltage 
6 self discharge 
8 leakage resistance 
10 flatness of voltage 
12 oost of material 
14 above 
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15 IMIOM Mwtrtl tanftM lA 
17 aodwate 
19 gmtwt 


16 balow 10 lA 
18 gnat 
20 hi9|i 
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T«bl« 3. Organic Ag+ Ion oonduotlng aoUd alootrolytot 
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3. itol» of Pdlyair Bl<M8tr61yt#> 

TIm of iK^ysor oloetroIytM will b« oiagiod oat fros 
tho aforaontlmiod applications. First# avaa if thara ara aany 
ooaxisting imis dvM to salaoti^ i(m transnissicnk# a sanser Whidi 
raapotids only to spaeific ions tharain would ba idantieal with 
iiwrganic si;d>stancas in tarns of high purity# high dansity 
alactrolysis# watar traatMnt or production of a battary with 
littla oalf discharga. Maasuranant of ionm Which TOuld i^t ba 
aaasurad in inorganic substances is possible by producing 
natarial Which does not dissolve in an aqueous solvent# amS a 
naabrana with high sensitivity and high selectivity can ba 
produced. Rapid TOvanant of ions in alactrolyta is required in 
alactrolysis# batteries or aloiants applying electrical double 
layers. Many attempts at ion exchange using organic nacroims 
have been nade to produce naterials with such high ionic 
conductivity# but at present# only naterials which are so«a*ihat 
inferior to inorganic naterials in terns of ionic CH^nductivity 
and thernal stability have been produced. The reasons for the 
inferiority of ionic conductivity include the fact that only 
crystals with a high site occupation rate and high number of 
mobile ions have been produced# and interference of shift of 
mobile ions by massive organic cations [17]. Recently# attention 
has been directed to reports of halogen conductivity in c<»plaxes 
of crown ether or straight chain polymer ether and metal halides 
which are firmly linked with cations# thereby weakening the bond 
with anions [27# 28]. Among these# complexes of dibenzo 18 cap 6 
ether and LiX have the greatest conductivity with Cl" among 
halogens as seen in Table 4# and have conductivity of 4.38 x 
I0"^scm~^ even at room temperature. High ionic conductivity may 
be realized through polymers if the effect of complex formation 
rather than simple ion exchange is added. 
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Flgur« 2. Conductivity of CuX-twlido alkyl triathylana 
diaaina Cu'*' ion ecmducting alactrolyta 
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Figura 3. Conductivity of CuX»halida alkyl haxaaathylana 
tatreuiina Cu*** ion conducting alactrolyta 
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Table 4. Organic halogen conducting solid electrolyte 


Salt 

Coaductivity at 2S*C(a cm~') 

LIF 

8.(BxlO-‘ 

LiCI 

4.38x10^ 

LiBr 

1.59x10-^ 

Lil 

5. 51x10-* 


4. ConcluBion 

The production of ion conducting materials using polymers 
and their application have just begun along with research in 
affiliated regions. Phenomena related to ions which are of 
considerable interest have been seen in bio-polymer membranes, 
although not touched upon in this paper. Polymer electrolyte of 
necessity would be produced, with expansion of unique 
applications as this research proceeds. 
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